Background: Most common complication of sinus floor elevation (SFE) is sinus membrane perfo-
| INTRODUCTION
Crestal bone loss after tooth extraction may reduce the bone ridge, especially in the posterior maxillary region. The maxillary sinus floor elevation procedure (SFE) is widely used to attain sufficient bone height for implant placement in the posterior maxilla. It was first described by Tatum and later modified by Boyne and James. 1, 2 Sinus floor elevation can be performed simultaneously with implant placement or in two stages with advanced maxillary atrophy, when adequate primary implant stability cannot be obtained. 3 The most common complication of the SFE is sinus membrane perforation (SMP), with a prevalence ranging from 10.0% to 60.0% 4, 5 and numerous treatment options. 5, 6 Postoperative SMP complications include compromised augmentation and implant failure. 5, 7, 8 Preoperative diagnostics based solely on panoramic radiographs may not suffice to display anatomic variations of the maxillary sinus.
Cone beam computed tomography (CBCT) is considered to be an effective method for analyzing sinus structures and preoperative planning of SFE procedures. 9 During SFE surgeons might be confronted with risk factors that could have the effect on surgical outcome. Some studies evaluated anatomical variations of the maxillary sinus and different SFE techniques as potential risk factors for SMP. [10] [11] [12] [13] A new classification of the maxillary sinus depending on sinus contours from CBCT was recently presented by Niu et al but neither they nor others have evaluated the correlation between sinus contours and SMP rate. Depending on sinus contour from CBCT, Niu et al defined these categories:
narrow tapered, tapering, ovoid, square, and irregular.
14 The aim of this study was to assess the frequency of SMP and to evaluate multiple potential risk factors (patient-related and intervention-related risk factors) during SFE using the lateral window technique. Furthermore, perforation treatment outcome was analyzed upon subsequent recall appointments.
| MATERIALS AND METHODS

| Patient selection
This study examined patients who had undergone SFE at the Division 
| Scanning procedure
Preoperative CBCT scans were obtained with the Planmeca ProMax 
| Surgical procedure
Perioperative antibiotic prophylaxis with amoxicillin and clavulanic acid (Augmentin 875/125 mg, GlaxoSmithKline, Austria) or cephalexin (Ospexin 1000 mg, Biochemie, Austria) or alternatively, in case of allergy, clindamycin (Dalacin C 300 mg, Pfizer, Austria) was administrated on the day of the surgery and continued for 4-6 days. All surgical procedures for SFE were performed under local anesthesia. After raising a mucoperiosteal flap, a lateral window procedure was performed using the handpiece with stainless-steel burs. The sinus membrane was gently detached upward from the sinus floor and walls using special instruments for SFE. Following the SFE procedure, bone graft material (Bio-Oss, Geistlich, Germany) was placed into prepared site. Then the sinus lateral window was covered with collagen membrane (Bio-Gide, Geistlich, Germany) and fixed with pins to prevent the bone graft displacement from the prepared site. The implant was placed simultaneously when the residual bone height was ≥5 mm.
Staged implant placements were performed 6 months after the SFE procedure when the residual bone height was ≥5 mm. Intraoperative SMP was managed during surgery and noted in the patient's medical record ( Figure 1A ), but when the SMP was greater than 10 mm, the 
| Variables
The frequency of SMP in terms of different potential risk factors (patient-related and intervention-related risk factors) was analyzed.
Potential patient-related risk factors included maxillary sinus contours, thickness of the sinus membrane (SM) and lateral sinus wall 
| Statistical analysis
The statistical analyses were performed with SPSS software (IBM SPSS statistics 24.0, IBM Corporation, New York) on a 5% significance level. Odds ratio and the chi-square test were used for quantitative outcome and the t-test for normally distributed variables.
| RESULTS
One hundred twenty-one patients (52 males and 69 females) underwent 137 SFE procedures in a 5-year period and met the inclusion criteria. The mean age of all patients was 55.1 years (Table 1) . Thirtyone patients were excluded from the study due to incomplete medical records or low quality CBCT.
| Patient-related risk factors
Sinus membrane perforations occurred in 19 cases (13.9%). Statistical analysis did not show a significant relationship to the occurrence of SMP related to sex or patient's age (P = .788 and P = .899).
The most frequent maxillary sinus contours were tapering and ovoid (57 and 36 cases); SMP occurred most frequently when the sinus contours were narrow tapered (P = .001) (Figure 3 ).
The correlation between the thickness of the SM and occurrence of SMP was statistically significant (P = .005). In most patients the SM was Correlation between maxillary sinus contours and maxillary sinus membrane perforations; P presents the significance of the chi-square test; n-number of cases with sinus membrane perforation; SMP-sinus membrane perforation 0-1 mm (36.5%) or 1-2 mm (24.8%) thick. Sinus membrane perforation was most frequent when the thickness of the SM was 0-1 mm (47.4%), followed by 1-2 mm (21.1%) and 2-3 mm (15.8%). On the other hand, the thickness of LSW was not associated with SMP (P = .320).
This study did not show significant association between the presence of interfering septa (P = .874), IBV (P = .629), and former OAC (P = .735) in the area of surgical intervention and SMP occurrence (Table 2 ).
| Intervention-related risk factors
Although there is no significant difference in SMP between types of surgical approaches, SMP occurred more frequently in patients who had undergone staged SFE (OR = 2.529). Neither the left nor right side of the maxilla, nor the number of tooth units where SFE was performed, were associated with an increased perforation rate of SM (P = .261 and P = .329). Compared with the premolar region, SMP was more frequent when surgical sites were in the molar regions (OR = 2.296), but this result did not reach statistical significance (P = .272) ( Table 3 ).
| Sinus membrane perforation treatment
All 19 SMPs of up to 10 mm were covered with collagen membrane.
Wound healing was always uneventful, without clinical or radiographic abnormalities.
| DISCUSSION
This study focused on the evaluation of factors that can predispose to SMP during SFE, and SMP treatment outcome.
Analysis of patients' medical records and CBCT images showed 19 cases of SMP among our 137 patients (13.9%). This is in accordance with literature reports ranging from 10% to 60%. found in some studies where female patients had a thinner SM. 21 When it comes to patients' age, our results are in accordance with Von Arx et al and Becker et al. 19, 20 We did not find any significant correlation between patients' age and SMP frequency (P = .899).
Niu et al created a new classification of maxillary sinus contours. 14 As in our study, the most common contour was a tapering sinus. There was a significant correlation between maxillary sinus contours and SMP rate (P = .001). Sinus membrane perforation occurred more often when the maxillary sinus contours were narrow tapered.
The reason could be traced to the fact that freeing the SM from the sinus floor in a sinus with this contour may be complicated by a narrow visual field and difficulties manipulating surgical instruments. To the best of our knowledge, this is the first study to evaluate the relationship between this classification of maxillary sinus contours and SMP rate.
The reported thickness of SM shows a wide range. Possible reasons may be a history of chronic sinusitis, allergies or even different measurement methods. Some studies examined cadavers (0.09 mm); measurements from living subjects were obtained endoscopically (0.97 mm), or from CT (0.8-1.99 mm) or CBCT scan images (1.32 mm). [22] [23] [24] [25] [26] Among our 137 cases, more than 50% of cases had SM thickness ranging from 0 to 2 mm, 36.5% cases had membrane thickness of 0-1 mm, and 24.8%, of 1-2 mm. In our study SMP was more frequent when the SM was thinner (P = .005). The sinus membrane perforation rate was highest in cases with SM thicknesses of 0-1 mm (47.4%) and 1-2 mm (21.1%). This finding is supported by other studies that found a correlation between thinner SM and SMP rate. 13, [27] [28] [29] In our study, in 60.6% of cases the thickness of the LSW ranged from 1 to 2 mm. According to the literature, in the majority of the cases, the LSW is thicker than 1 mm. 19, 30 Von Arx et al 19 studied the relationship between the thickness of LSW and SMP rate and found that the thickness of the LSW did not have a bearing on SMP rate, which is in accordance with our findings (P = .320).
After using the CBCT scan images to determine the presence of septa in the intervention area, 27 cases (19.7%) were found with SM 
19,31
When preparing the lateral window, surgeons might encounter a narrow visual field due to bleeding from IBV, which could have an effect on the outcome. 17, 32 The presence of IBV at the site of intervention was 25.5%, with SMP in 11.4% cases, but there was no significant correlation between this factor and SMP (P = .629). Freeing the SM from the maxillary sinus floor could be difficult due to incomplete bone healing after OAC and SMP could occur as a consequence. However, in this study it did not have any influence on the SMP rate (P = .735). Studies to date have not dealt with the influence of these risk factors.
During both surgical approaches (simultaneous and staged) surgeons met with difficulties that could cause SMP. In a simultaneous surgical approach, SFE procedure was followed by preparation of the implant bed. In a staged surgical procedure, insufficient residual ridge required higher membrane elevation and SMP could occur during the attempt to achieve the required ridge height. Furthermore, close proximity of the roots of adjacent teeth may hinder elevation of the SM. We found a higher frequency of SMP with a staged surgical approach (18.4%) than with a simultaneous surgical approach (8.2%) (OR = 2.529), but this was not significant (P = .093). Our results corre- Some findings from recent studies demonstrated the efficacy of graftless SFE. The potential of maxillary sinus for new bone formation without graft material is high and there was a high survival rate for implants installed after graftless SFE. [35] [36] [37] [38] [39] Graftless SFE could be a reliable approach to reduce augmentation procedures in patients when SMP occurs and minimize the replacement of graft material into the sinus.
When it comes to reducing the occurrence of SMP, some authors recommended the use of piezoelectric devices. Their studies showed significant reduction in the SMP rate compared with the conventional approach. [40] [41] [42] The reason could be improved intraoperative visibility, reduced intraoperative bleeding, and less surgical trauma. The major limitation of piezoelectric devices was the time factor since the cutting procedure was longer than with conventional osteotomy devices. 43 The limitations of this study should be mentioned. Although experienced clinicians performed all SFE procedures, their surgical experience could differ. The thickness of the SM and LSW is not the same throughout the maxillary sinus and maxillary sinus contours could differ from premolar to molar sites. Our findings and measurement points were in the regions where surgical interventions (lateral window preparation and SFE) were planned.
| CONCLUSIONS
Based on our results, maxillary sinus contours and sinus membrane thickness seem to be risk factors for sinus membrane perforation.
Using collagen membrane to cover sinus membrane perforations of up to 10 mm occurring during sinus floor elevation procedure proved to be effective in preventing postoperative complications. In cases with narrow tapered sinus contours and when the sinus membrane was thinner than 1 mm piezoelectric device can be recommended.
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